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OLD	  IPM	  recommenda<ons:	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  determine	  when	  bed	  is	  at	  50%	  OOB,	  
spray	  x	  days	  later	  
Number of days after 50% OOB 
Summary	  of	  findings	  
•  Moth	  captures	  and	  egglaying	  ac<vity	  were	  
high	  before	  50%	  OOB	  on	  early	  varie<es	  
– EB,	  ST,	  BL	  
– By	  following	  old	  IPM	  recs	  and	  delaying	  spray,	  bed	  
is	  faced	  with	  persistent	  annual	  fruitworm	  pressure	  
(from	  early	  segment	  of	  egg	  popula<on)	  
•  Not	  so	  on	  Howes	  
– Ac<vity	  delayed	  
NOTE:	  	  Howes	  management	  
•  Follow	  OLD	  IPM	  recommenda<ons	  
•  Es<mate	  50%	  OOB	  and	  spray	  7-­‐9	  days	  later,	  














ST	   EB	   Howes	  
50%	  OOB	  
NEW	  IPM	  recommenda<ons	  and	  spray	  
trial	  direc<ons:	  
•  Early	  varie<es	  only:	  spray	  at	  50%	  OOB	  (if	  history	  
of	  CFW)	  
–  No	  short-­‐term	  advantage	  of	  spraying	  with	  Intrepid	  prior	  to	  50%	  
OOB	  
•  May	  have	  long-­‐term	  benefits	  by	  reducing	  fecundity	  of	  moths	  	  
–  Many	  sites	  treated	  early	  no	  longer	  have	  fruitworm	  pressure	  
–  Delegate	  is	  OK	  at	  50%	  OOB	  
•  High	  toxicity	  to	  bees,	  but	  safe	  once	  it	  has	  dried	  
•  Be^er	  choice	  than	  Diazinon—just	  as	  effec<ve	  or	  more	  effec<ve!!	  
•  Spray	  trial	  focus:	  	  must	  find	  effec<ve	  fruitworm	  
compounds	  not	  hazardous	  to	  	  pollinators	  
2011	  CFW	  SPRAY	  TRIAL	  
Treatments:	  	  Delegate,	  two	  new	  “diamides”	  
that	  are	  safe	  for	  bees	  (Altacor	  and	  DiamideB)	  
Sampling	  
	  Plots	  sampled	  in	  September	  
and	  fruit	  inspected	  for	  CFW	  
larvae,	  and	  injury	  	  
Treatment	  
	  Howes	  plots	  treated	  (4	  
reps)	  with	  backpack	  
sprayer	  
Delegate,	  Altacor	  at	  two	  
rates,	  and	  DiamideB	  
Mean	  (±SD)	  percent	  cranberry	  fruitworm	  injury;	  





















1.  We	  will	  see	  be^er	  industry-­‐wide	  fruitworm	  
management	  in	  early	  varie<es	  as	  spray	  
<ming	  is	  moved	  up	  
2.  As	  care	  is	  taken	  to	  conserve	  na<ve	  bees,	  we	  
will	  see	  increased	  diversity	  and	  abundance	  
a.  bee-­‐friendly	  compounds	  are	  adopted	  (Altacor	  
has	  label,	  need	  good	  system)	  
b.  Bee-­‐friendly	  bog	  habitats	  are	  established	  
EB:	  	  All	  sites,	  days	  b/a	  50%	  OOB	  

















B	   50%OOB,	  ±D	  
Mgt	  
DELEGATE DIAZINON 
2010	  CFW	  Field	  study	  
Variety	  
Mean	  	  %	  
egg	  
infestaUon	  
Mean	  %	  fruit	  
infestaUon	  
Number	  of	  
sites	  with	  no	  
egg	  
infestaUon	  
Stevens	   2.91	   2.88	   5	  
Early	  
Blacks	  
0.70	   0.68	   8	  
Flood bays at Cranberry Station 
Delegate vs . Control 
2% vs. 17%  
mean infestation   
Fruitworm	  Conclusions	  
•  Field	  data	  con<nue	  to	  support	  change	  in	  
recommenda<on	  
•  Spray	  around	  50%	  OOB	  for	  early	  
varie<es,	  	  delay	  for	  Howes	  
•  Delegate	  is	  a	  viable	  alterna<ve	  for	  CFW	  
management	  
•  Altacor	  an	  early	  op<on	  for	  growers	  with	  
good	  systems	  
Spo^ed	  wing	  Drosophila	  
There	  are	  lots	  of	  species	  of	  Drosophila	  
“vinegar	  flies”	  around;	  set	  out	  some	  
bananas	  and	  check	  back	  
Spo^ed	  wing	  Drosophila	  
History	  of	  infestaUon	  in	  US	  
•  Na<ve	  to	  Asia	  
•  First	  detected	  in	  US	  in	  2008	  	  
•  Now	  widespread	  
What	  makes	  it	  special?	  
•  Other	  species	  a^ack	  soG,	  
rolng	  fruit	  





–  Peaches	  	  
–  Plums	  
•  SWD	  and	  the	  serrated	  
ovipositor	  
Can	  penetrate	  skin	  of	  
intact,	  growing	  fruit	  
Monitoring	  traps	  have	  been	  evaluated	  
and	  deployed	  in	  fruit-­‐growing	  areas	  
Problem	  on	  cranberry?	  
•  Highly	  unlikely	  
•  Wisconsin	  work	  	  
– Larvae	  did	  not	  develop	  in	  cranberry	  
•  Keep	  an	  eye	  out	  for	  the	  unexpected!	  
Sparganothis	  Management	  
•  2010	  and	  2011	  were	  quiet	  Spag	  years!	  
•  If	  you	  are	  going	  to	  manage	  for	  Spag	  this	  year,	  do	  it	  
early	  and	  use	  Intrepid	  and/or	  Delegate	  in	  the	  
spring.	  	  Do	  not	  wait	  to	  see	  them	  in	  the	  summer!	  
•  Delegate	  is	  a	  silver	  bullet	  
•  Keep	  Intrepid	  in	  the	  mix	  	  
–  	  to	  keep	  resistance	  at	  bay	  
–  	  OS	  removed	  Intrepid	  restric<on	  for	  2012	  
•  Beware	  Avaunt	  does	  not	  take	  100%	  
Beware:	  yellowheaded	  fireworm	  
Cranberry weevil management 
Weevil Compounds 
•  Avaunt      SPRING 
 Indoxacarb 
•  Actara      SPRING OR SUMMER 
 Thiamethoxam  (also known as Helix, Cruiser, Vigor) 
 neonicotinoid, high bee toxicity   
 Zone II Restricted 
•  Belay   SUMMER 
 Clothianidin  (also known as Clutch, Arena) 
 neonicotinoid 
 high bee toxicity 
Cranberry Weevil 
 Anthonomus musculus (Curculionidae) 
•  Overwinters as an adult weevil 
in debris in uplands 
•  Feeds on many alternate hosts 
(blueberry, huckleberry, etc.) 




Spring weevil population 





May have to retreat 
as more weevil come 
in from woods 
Summer population 
NOT EFFECTIVE 
Do not use Avaunt 
Avaunt for spring weevil 
•  6 oz/A   
•  Add Avaunt to water 
•  Chemigation highly effective 
– Drops with longer rinse, over 8 minutes 
•  Hits spring caterpillar pests (winter moth, 
spag, bhf, spanworms, cutworms, gypsy 
moth) at same time! 
Avaunt for spring weevil 
•  6 oz/A  2 applications allowed  
    for management of  
    spring weevil,  
    4 allowed over all! 
Label reads: 
Do not apply to flow through bogs or 
allow release of irrigation water from 





Actara (allowed but 
not best choice) 
 Summer population 
 Actara 
 Belay 
4.5 weevil/25 sweeps  ACTION THRESHOLD  9 weevil/25 sweeps 
Actara (thiamethoxam) 
•  Full regular label for cranberry since 2005 
•  SYSTEMIC 
–  Moves into plant 
–  50% penetration after 4 hours 
•  High residual control 
•  Low use rates: 2-4 oz 
•  12 oz limit/season 
•  Not broad spectrum 
•  Weevil and flea beetle only 
–  Will not help with other leps 
Actara has restrictions 
Restricted use compound 
•  No aerial applications 
•  No flow-through bogs 
•  Do not apply within 25 feet of bodies of water 
•  Do not irrigate for the first 48 hours following 
application 
•  Hold water for 5 days!!   LABEL RESTRICTION!! 
•  NO Zone II applications, but exceptions this 
year if your handler restricts Belay (but 
remember paperwork) 
 HONEYBEE TOXICITY 
  LD50 Oral  
•  Belay     0.0014 ug 
•  Admire   0.0039 ug 
•  Actara    0.005 ug 
•  Delegate 0.024 ug 
•  Lorsban   0.11 ug 
•  Avaunt   0.18 ug 
•  Diazinon 0.37 ug  















Yellow Sticky Traps 
Exploiting aggregation  
behavior in insects 
Aggregation pheromones used to 
bait traps in IPM programs 
“Identification and Field Evaluation of 
Attractants for the Cranberry Weevil, 
Anthonomus musculus Say” 
Journal of Chemical Ecology, 29 March 2011 
Authors: Zsofia Szendrei, Anne Averill, Hans 
Alborn and Cesar Rodriguez-Saona 
Lure and kill strategy: 
Integrate aggregation pheromone 
with insecticide in matrix 
SPLAT™ (Specialized Pheromone & Lure Application 
Technology) : Biologically inert matrix for the release of 
semiochemicals and/or pesticides, applied in blobs with 
dosing gun 
Cranberry	  weevil	  adults	  overwinter	  in	  
the	  woods	  surrounding	  bogs	  
•  Dollops	  would	  be	  
applied	  only	  in	  field	  
edges,	  where	  spring	  
weevils	  are	  ac<ve	  
•  Lower	  summer	  
genera<on	  	  
•  Reduce	  insec<cide	  inputs	  	  	  
–  discrete	  a^rac<ve	  point	  
source	  (instead	  of	  cover	  
spray)	   • 	  	  Both	  males	  and	  	  	  	  
	  	  	  	  	  females	  killed	  
Red	  headed	  flea	  beetle	  
	  -­‐	  Systena	  frontalis	  
•  Coleoptera	  -­‐	  Chrysomelid	  
•  Adult	  and	  larvae	  leaf	  beetles	  feed	  on	  all	  
sorts	  of	  plant	  <ssue	  
•  Damage	  results	  from	  both	  larval	  and	  
adult	  feeding	  
•  Feeds	  on	  blueberry	  
•  Prefers	  some	  weeds	  over	  cranberry	  
•  Adult	  emerge	  in	  July	  and	  feed	  on	  foliage	  
through	  September	  
•  Shiny	  black	  with	  reddish	  por<ons	  of	  
head,	  3.5-­‐5.5	  mm	  
•  Femur	  of	  hind	  leg	  is	  enlarged	  for	  
jumping	  
More	  and	  more	  a	  problem	  
	  on	  cranberry	  
Larval	  Damage	  
•  There	  is	  only	  a	  single	  genera<on	  a	  year	  	  
•  Larvae	  reside	  in	  soil,	  slender	  and	  white,	  8	  
mm	  when	  mature,	  	  
•  The	  larvae	  feed	  on	  the	  roots	  and	  
underground	  runners	  of	  the	  cranberry.	  	  
•  This	  can	  result	  in	  girdled	  roots	  and	  vine	  
death	  if	  the	  infesta<on	  is	  severe.	  	  
•  Damage	  is	  similar	  to	  that	  of	  cranberry	  
girdler,	  but	  occurs	  earlier	  in	  the	  growing	  
season.	  
Threshold?	  
•  15	  per	  25	  sweeps	  on	  
average	  
•  Not	  firm…	  
Damage?	  
•  Skeletonizing	  
•  On	  overgrowth	  
•  Damage	  to	  next	  
years	  <p	  
•  Vine	  compensates	  
30	  sites	  
•  ½	  Early	  Black	  
•  ¼	  Howes	  








Things	  that	  don’t	  work	  
•  Altacor	  
•  Alt	  Next	  Gen	  












What’s	  available	  in	  AUGUST	  for	  
Management?	  
Best	  bet…	  
•  Lorsban	  Advanced	  
•  Lorsban	  4E,	  75	  WG	  
•  Sevin	  XLR	  Plus	  1.5-­‐2	  qt	  5	  	  
•  Sevin	  4F,	  Carbaryl	  4L	  1.5-­‐2	  qt	  
•  Sevin	  80S	  (Solupak)	  1.88-­‐2.5	  lb	  
•  Diazinon	  50	  W	  4-­‐6	  lb	  	  
•  Diazinon	  AG	  500	  2-­‐3	  qt	  	  
•  Diazinon	  AG	  600	  WBC	  51-­‐76.5	  fl	  oz	  	  
Flea Beetle - the ones that work 
Lab	  Trials	  2007	  +	  2011	  
Flea Beetle - the marginal ones 
Lab	  Trials	  2007	  +	  2011	  
DELEGATE 
What’s	  available	  for	  Management?	  
May	  provide	  suppression…	  
•  Belay	  (clothianidin)	  4	  fl	  oz	  	  
•  Delegate	  WG	  3-­‐6	  oz	  	  
•  Actara	  2-­‐4	  oz	  	  
•  Assail	  30	  SG	  4.0-­‐6.9	  oz	  
•  NeoNic	  5	  zone	  II	  issues,	  MRL,	  2013…	  	  


Pollination in cranberry 
Is pollination secure? 
•  Managed honey bee availability 
– Demand is increasing 
– Supply is decreasing 
Greater demand 
•  There are over 
650,000 acres in CA, 
ca 80% of world's 
requirements. 
•  Almonds are in bloom 
at one time, ca. 



























Colonies entering Maine for 
lowbush blueberry production 
1950…………………………2000	  
6.0 million to 2.3 million  
colonies in the last 60 years 
Migratories travel to CA 
All converge in CA and mingle 
Are pathogens moving along  
with the bees? 
% infected	  
Date	   Genus	   Number	   DWV	   BQCV	   SBV	  
5/25/10	   Apis (Honey 
bee)	  
16	   87.5	   87.5	   6.25	  
5/25/10	   Bombus	   3	   100	   100	   0	  
5/25/10	   Other	   17	   29.41	   41.18	   0	  
6/30/10	   Bombus	   27	   0	   14.81	   0	  
7/19/10	   Bombus	   40	   0	   15	   0	  
Honey bee pathogens  
in wild bees (Maine blueberry) 
Other	  =	  Andrena,	  Osmia,	  etc.;	  DWV=Deformed	  Wing	  Virus;	  BQCV	  
=	  Black	  Queen	  Cell	  Virus,	  SBV	  =	  Sacbrood	  Virus	  

















20 years ago, had 8 species of  
bumble bees; now 5 
Conserve native bees 
•  Many different species that need different 
resources 
–  Alternate forage before and after bloom  
–  Consider nesting sites 
–  Avoid pesticides when bees are on bogs 
•  Native bees will be foraging on weed flowers 
before and after bloom 
•  Stay on bogs later into fruit set 
•  Begin foraging 2 h earlier in the morning 
Conserve alternate forage  
•  Queens overwinter 
and start nests in 
spring 
•  New queens and 
males produced in 
summer 
•  Need flowers (pollen) 
at these critical points 
before and after 
cranberry bloom 

Think about flower availability 
before and after bloom  
Fencerows, hedgerows, snags 
provide nest sites for some 
Patches of flowers may persist and attract lots of 
bees, even after majority of bog has set 
Bumble	  bees	  forage	  2	  hours	  
earlier	  in	  morning	  than	  honey	  
bees	  
Pesticide kill evaluation 
•  Visited beds 
prior to and after 
spray 
•  Walked 
perimeter of bed 
and counted 
dead bees 
Survey for bee kills  
during bloom 
•  No Delegate kills 
observed, even 
though it is very 
toxic to bees 
•  Dow asserts it is 
relatively non-toxic 
when dry 
One bumble bee Diazinon kill at 2 
days after 50% OOB 
One Belay honey bee kill (for 
weevil) at end of bloom  
INSECTICIDE TOXICITY TO HONEYBEES  
Admire imidacloprid 
Actara thiamethoxam super  





Avaunt indoxacarb highly  




Assail acetamiprid "practically 
Intrepid methoxyfenozide non-toxic" 
Confirm tebufenozide 
Pollination research 
Native bee species are very 
diverse: 

How can insecticides 
 impact native pollinators? 
•  Can be result of acute lethal dose—bee 
dies 
•  Or, could be sublethal—affects normal 
functioning and physiology 
–  effect of a sublethal dose of Admire 
(imidacloprid) on homing behavior in bumble 
bees 
–  Imidacloprid is a neurotoxin 
How	  do	  animals	  relocate	  home?	  
Bees may forage >2 miles from nest:   
may relocate nest by learning features 
on the horizon plus landmarks 
Design: sublethal effect of neurotoxic 
insecticide on homing  
success in bumble bees 
•  Set up Koppert bumble bee hives in the 
lab 
•  Allowed workers to exit/return via tygon 
tubes for 2 wks 




Bee data : expressed in ng/bee 
New chemistries :  
honey bee acute contact LD50  
compound 







Less toxic Intrepid, Confirm 
Design 
•  Treated ½ bees with 
sublethal dose:  
–  5 nanograms (ng) of 
imidacloprid 
•  Created two categories 
–  large and small workers 
•  Treated and control 
bees were ‘displaced’  
–  0.3 mile from colony 
•  Successfully returning 





























significant effect of  
sublethal dose of  
imidacloprid on 
 homing behavior  
Treated (blue) and control (red)  
 workers returning when displaced from nest 
New insecticide groups and bee 
health 
•  May be important part of the 
problem 
–  High bee toxicity 
–  Residual 
–  Systemic (may move through plant to pollen/nectar) 
•  Small bees affected by smaller 
dose, logically 
•  Loss of habitat and forage also 
critical 
Native bee species are diverse: 
 --- are usually small, need pollen/
nectar and specific  nest sites 
Another question 
•  Cranberry habitats don’t have many good 
landmarks 
•  So, is it harder to relocate nest in 
cranberry habitat vs. habitat with lots of 
landmarks? 
Design 
•  Compared homing 
success in cranberry bog 
vs. college campus 
setting, using bumble 
bees again as  before 
•  After cranberry bloom 
over 
•  Bees were displaced 0.3, 
0.6, and 1.2 miles from 
colony 
•  Successfully returning 
bees were recorded 
•  Called bog ‘agricultural’ 































Homing success drops off sharply 
in bog setting:  suggests it may be 
harder to navigate in featureless 
habitat 
If so, perhaps bees in ag settings face dual 
disadvantages, when returning from foraging, since they 
must deal with featureless monoculture landscape plus 
possible neurotoxic insecticide exposure 
How are managed honey bees 
doing? 
Pollen collections for insecticide 
screen—bumble bees 
Pollen load removed and 
bees released We found many pesticides in pollen from bumble bees 
collected in cranberry bogs 
•  Foraging bees bring 
pollen back to colony to 
rear young 
•  Compounds identified 
were not all from bog 
applications 
